INTRODUCTION
============

At most urologic clinical centers, patients diagnosed as having prostate cancer are risk-stratified according to serum prostate specific antigen (PSA) level, findings on digital rectal examination and Gleason score (GS) on diagnostic biopsy.[@B1] Urologists use these pre-treatment parameters to determine risk and counsel patients about treatment options.[@B2] Of these parameters, GS on biopsy is a preeminent factor for decision making because it is usually best correlated with disease outcome. Especially, biopsy GS is used \[in conjunction with clinical stage, PSA density (PSAD) and positive core percentage on biopsy\] for predicting a clinically insignificant prostate cancer,[@B3] which can be considered a target of active surveillance or watchful waiting rather than definite therapy.

However, since discrepancies in the GS from biopsy and from radical prostatectomy (RP) have been reported,[@B4]-[@B9] numerous efforts have been made to identify preoperative factors for predicting GS discrepancy (especially, GS upgrading). To date, PSA, prostate volume, number of biopsy cores, obesity, number of positive cores on biopsy, and other factors have been reported[@B4],[@B6],[@B7],[@B10]-[@B15] as possible predictive factors for GS upgrading after RP.

Among these factors, there is a paucity of literature addressing prostate volume, especially in Asian populations which have prostate volume that is smaller than those of Westerners.[@B16],[@B17] Therefore, we investigated the relationships between prostate volume and Gleason score upgrading in Korean men.

MATERIALS AND METHODS
=====================

A total of 247 patients who underwent RP under a diagnosis of prostate cancer from May 2006 to April 2011 at our institution were included in this study. Patients who received 5 alpha-reductase inhibitors, neoadjuvant androgen deprivation, chemotherapy or experimental agents that could affect the histological interpretation of the RP specimen were excluded. We also excluded patients who underwent biopsy with core numbers less than 12. We applied the prostate ellipsoid formula to assess prostate volume via transrectal ultrasound (TRUS) using a Voluson 530D ultrasound scanner with an SIC5-9 endfire endocavity probe (Kretz AG, Zipf, Austria). After obtaining measurements of prostate volume, the prostate was bilaterally biopsied near the base, mid-gland, and at the apex. All biopsy specimens were pathologically analyzed by at least two genitourinary pathologists who always gave a unified diagnosis after discussion following their independent reviews. For clinical staging, the 2002 tumor, node and metastasis (TNM) staging system of the American Joint Committee on Cancer was used. Open retropubic RP or robot-assisted laparoscopic RP was performed in all patients with localized or locally advanced prostate cancer. The RP specimen was sliced into 3 mm serial sections and deciphered by applying the same method of biopsy. The maximum GS on biopsy and RP specimens were compared. Upgrading of GS was defined as an elevation of the GS after surgery compared with TRUS biopsy. Similarly, downgrading was defined as RP GS in a lower category than biopsy GS.

After dividing our patients according to TRUS volume as 25 cm^3^ or less (n=61), 25 to 40 cm^3^ (n=121), or greater than 40 cm^3^ (n=65), we retrospectively analyzed the clinicopathologic data of the aforementioned subjects. GS was examined as a categorical variable of 6 or less, 3+4 and 4+3 or greater.

The distributions of baseline clinical and demographic characteristics across the three TRUS volume categories were compared using analysis of variance for continuous variables and chi-square tests for categorical variables. We used logistic regression to determine the odds ratios of upgrading relative to not upgrading for each TRUS volume group relative to the largest TRUS volume group. Multivariate analysis was performed to determine the independent risk of upgrading for each TRUS volume after controlling for confounding variables including age, body mass index (BMI), PSA, PSAD, presence of hypoechoic lesion on TRUS, and clinical stage. Using the same multivariate logistic regression models, adjusted mean risks of upgrading for Gleason 2-6 and Gleason 3+4 were computed for each TRUS category. All statistical analyses were conducted with SPSS program (version 15.0, SPSS Inc., Chicago, IL, USA).

RESULTS
=======

The medical records of a total of 247 patients were reviewed; 58 patients underwent open retropubic RP and 189 patients underwent robot-assisted RP. The baseline demographic and clinical features of patients in each TRUS volume category are presented in [Table 1](#T1){ref-type="table"}. Men with larger TRUS volumes were older (*p*=0.032) and had higher PSA (*p*=0.041) values. There were no significant differences in BMI (*p*=0.182), PSAD (*p*=0.320), number of hypoechoic lesion on TRUS (*p*=0.791), or clinical stage (*p*=0.590) across TRUS categories. Overall 87 patients (35.2%) were upgraded, 20 (8.1%) were downgraded, and 140 (56.7%) had identical biopsy and pathological Gleason sum groups. The distributions of biopsy and pathological GS are shown in [Table 2](#T2){ref-type="table"}.

In men with biopsy GSs 6 or less and 3+4 tumors, smaller volume prostates were more likely to be upgraded relative to larger prostates (*p* trend=0.038) ([Table 3](#T3){ref-type="table"}). After adjusting for multiple clinical features the likelihood of smaller volume prostates being upgraded became more pronounced (*p* trend=0.022). Men with prostates 25 cm^3^ or less had more than 2.7 times the risk of disease being upgraded relative to men with TRUS volumes more than 40 cm^3^ (OR 2.718, 95% CI 1.403-8.126).

DISCUSSION
==========

When we select either active surveillance or watchful waiting for patients with prostate cancer, there must be the inherent assumption that the disease represented by the initial prostate biopsy is a true reflection of the disease extent within the prostate. However, any errors during determination of GS may lead to inappropriate surveillance of biologically aggressive tumors, or the selection of treatment options with inferior cure rates compared with other options. Furthermore, several reports[@B6],[@B10],[@B18]-[@B22] have shown higher rates of capsular invasion, positive surgical margin, seminal vesicle invasion, lymphatic invasion, biochemical recurrence, or worse cancer-specific survival for patients who had GS upgrading. Thus, accurate grading is crucial in deciding treatment modalities for prostate cancer.[@B19],[@B23]

Nevertheless, the rates of GS upgrading from biopsy Gleason score 6 diseases have been reported to be up to 30-50% after RP.[@B4]-[@B7] To date, numerous predictive factors for GS upgrading after RP have been reported,[@B4],[@B6],[@B7],[@B10]-[@B15] including PSA, prostate volume, number of biopsy cores, obesity, and number of positive cores on biopsy. Of these, only a few studies[@B7],[@B13]-[@B15],[@B24],[@B25] examining prostate volume are available. Turley, et al.[@B7] reported that men with prostates 20 cm^3^ or less had more than five times the risk of disease being upgraded relative to men with TRUS volumes more than 60 cm^3^, Kassouf, et al.[@B13] reported that the incidence of tumor upgrading was significantly higher in patients with a prostate volume less than 50 cm^3^ compared to that in those with a larger prostate volume, and Moon, et al.[@B14] found that prostate volume less than 36.5 cm^3^ was a predictive parameter for GS upgrading. In another report with a sample of Asian patients, Lim, et al.[@B15] reported that men with prostates 30 cm^3^ or less had a greater than threefold risk of disease being upgraded relative to men with TRUS volumes more than 30 cm^3^.

Our results reconfirmed that small prostate volume was a predictor of GS upgrading after RP, as several authors showed.[@B7],[@B13]-[@B15] From our analysis, a cut-off prostate volume that was significantly associated with GS upgrading was 25 cm^3^. At first thought, larger (rather than smaller) prostates would be more likely to be upgraded after RP due to sampling error during biopsy. Moreover, it is well known that the Prostate Cancer Prevention Study raised hypothesis that the increased detection rate of high grade disease was due to superior sampling in patients with smaller glands after treatment with finasteride.[@B7],[@B15] Accordingly, our results conflict with such hypothesis.

Regarding the relationship between small prostate size and GS upgrading, we think that two possible factors play an important role, as several authors have suggested. First, lead-time biases in cancer detection might account for the relationship. Men with larger prostates tend to have increased PSA levels driven by benign prostatic hyperplasia, and therefore, are likely to be referred for prostate biopsy much sooner than other patients, leading to earlier cancer diagnoses, when well-differentiated prostate cancer is more likely.[@B7],[@B12],[@B15],[@B26] Secondly, smaller prostates might exhibit biologically more aggressive behavior and be associated with greater risk of progression.[@B7],[@B14],[@B27]

Several authors[@B28],[@B29] reported that PSAD was a powerful independent predictor of GS upgrading after RP. In our series, only preoperative PSA level and prostate volume were observed to be independent predictors for GS upgrading in multivariate logistic regression analysis (data not shown); PSAD was not an independent predictor for GS upgrading in our study, similar in another Korean report.[@B10] Therefore, future study with more population will be needed, although this aspect does not diminish the significant message of this article.

In addition, we suggest that our result (regarding small prostate volume) would be regarded as an additory fact which supports the aggressiveness of prostate cancer in Korean men. As well known, prostate cancers arising in Korean men exhibit poor differentiation, regardless of the initial serum PSA level or clinical stage at presentation.[@B30] Another aspect regarding the aggressiveness of prostate cancer in Korean men can be found in retrospective studies[@B31],[@B32] on the application of the Epstein criteria in Korean patients: Korean prostate cancer patients who fulfilled the Epstein criteria might not always behavior as clinically insignificant prostate cancer. Similary, Lee, et al.[@B33] reported that 47% of patients were postoperatively found to have significant prostate cancer, even with a combination of four factors (biopsy GS ≤6, volume of the largest cancer \<50%, PSAD ≤0.15 ng/mL/mL, and serum PSA ≤10 ng/mL).

There are several limitations to the present study. First, this study was conducted retrospectively at a single institute, and the study population was relatively small. Second, we did not examine the relationships between GS upgrading and factors such as PSA doubling time, free PSA, or number of positive cores on biopsy. Further large-scaled, prospective, multi-center studies are needed to confirm our results with increased statistical power.

In conclusion, our present study suggests that smaller prostate volumes might be a predictor of GS upgrading after RP. This should be kept in mind when making treatment decisions (such as active surveillance) for men with prostate cancer that appears to be of a low grade on biopsy. We think that our results have a significant clinical implication in Asian urologic fields, in that the prostate volumes of Asian patients are smaller than those of Westerners.
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Demographic and Clinical Features of Patients in Each Prostate Volume Category

![](ymj-54-902-i001)

TRUS, transrectal ultrasound; SD, standard deviation; BMI, body mass index; PSA, prostate specific antigen; PSAD, PSA density.
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Distribution of Biopsy and Prostatectomy Gleason Scores
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Odds Ratios of Gleason Score Upgrading Based on Prostate Volume Category
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TRUS, transrectal ultrasound; OR, odds ratio; CI, confidence interval.

^\*^Adjusted for biopsy Gleason score.

^†^Adjusted for age, body mass index, prostate specific antigen (PSA), PSA density, presence of hypoechoic lesion on TRUS, and clinical stage.

^‡^Computed by logistic regression model treating prostate volume as a logarithmic transformed continuous variable.
